Estrogens are endocrine regulators of both the male and female reproductive systems like the mammary gland, uterus, ovary, testis and prostate. They also play essential roles in non-target tissues, e.g., bone, liver, or in the cardiovascular system, where estrogens have protective actions.
Several estrogenic triphenylethylenes having an NO 2 , Cl or ethyl fragment as fourth substituent on the ethylene have been investigated as therapeutic agents. 13) We had earlier established some basic pharmacophore features of different triphenylethylenes with trifluoromethyl as the fourth substituent. 14) Consequently, the present work was taken up as continuation of the previous attempt in defining pharmacophore signals of different triphenylethylenes and is based on a series of triphenylethylenes with CN as the fourth substituent. The estrogenic activities exhibited by hydroxy, methylated substituents and bulky functional groups on different triphenylacrylonitrile derivatives have been reported. 15, 16) The present study explores selectivity requirements of such diverse sequence of hydroxylated and non-hydroxylated triphenylacrylonitriles, including compounds with bulky hydrophobic substituents for binding to calf uterus estrogen receptor (ER). 17) Structure-activity relationships has been drawn, investigating topological features of constituting atoms of the triphenylacrylonitrile molecular architecture for characterization of unique pharmacophore features.
Topological models directly give structural information to guide design of new molecules 18) and may predict three-dimensional structural parameters, as well.
19) The electrotopological state (E-State) of atoms has proved to be a significant tool in elucidating major drug-receptor interactions. [20] [21] [22] An atom in a molecule is part of a field of information with regard to electronic influences and topological surrounding. 20, 23) Quantification of influence of this field on any atom, can correlate to the biological performance of a molecule. The contribution of an atom can be expressed as the Electrotopological State (E-State), 24) mathematically defined as
and
I is derived from Molecular connectivity 25) calculations and called the intrinsic state of an atom, D I i is the molecular environmental effect, N is the principal quantum number, d is the number of sigma electrons on the atom (excluding those bonding to hydrogen), d
v is the number of valence electrons, i and j are serial numbers of atoms and r is the shortest graph distance between two atoms.
RESULTS AND DISCUSSION
From the regression analysis it was observed that the best significant relation developed with single variate was S 21 (rϭ0.738) that explained 52.56% variance. This supports that presence of CN group as fourth substituent of triphenylethylene has significant influence on binding affinity to the receptor. But the overall best relation for binding affinity to ER involving 25 compounds using Multiple Regression Method was found to be (1) and (2) are delineated in Table 1 and Fig. 2 . The best relation developed with S 6 , S 18 , I 12-OH and N t (Eq. 1) that explained 68.81% variance in binding affinity. Removing an outlier, the relation (Eq. 2) explained 81.42% variance with 75.10% cross-validated variance. The model shows the importance of atoms C 6 and C 18 , presence of hydroxyl substitution at C 12 along with the no. of free terminal atoms of the molecules contribute towards major role in binding to the estrogen receptor. In the models, S 6 has nega- tive coefficient, so substitutions that tend to decrease the magnitude of S 6 will be favored. Compound 3 with hydroxyl (e Ϫ withdrawing) substitution at C 6 causing decrease in electron density around the atom resulted in marked increase in activity as compared to compound 1, where XϭH. Furthermore it has been found earlier that hydroxy substitution in X, Y or Z enhances the receptor binding affinity of non-steroidal estrogen analogs 26) and loss of this H-bonding capacity of phenolic OH group results in loss of RBA to the estrogen receptors. 27) Thus electrophilic substitution at C 6 is preferential. E-State value at C 18 also has negative contribution, so e Ϫ withdrawing substitutions at Z must also be favored, as this will tend to decrease the e Ϫ density around C 18 and correspondingly the E-State value. Compound 4 with hydroxyl (e Ϫ withdrawing) substitution in C 18 resulted in higher activity than compound 1 (ZϭH). From the result, it was also observed that presence of hydroxyl substitution at C 12 has influence on binding affinity to ER. This is evident from the relative binding affinity exhibited by compound 8 with hydroxyl substitution at Y as compared to compound 5. Compound 8 exhibits the highest binding affinity in the series while compound 5 with YϭH exhibits much lesser binding affinity. From the regression, it was also found that the factor N t has negative contribution towards binding affinity, so compounds with lesser number of terminal atoms (excluding H) should also result in increased binding affinity. In general compounds with more branched side chain substitutions resulting in more N t (Compounds 21, 23, 25 ) has reduced binding affinities in comparison to rest of the series.
MATERIALS AND METHODS
A diverse series of 25 molecules tested for estrogen receptor binding belonging to the triphenylacrylonitrile derivatives 17) were used in this study. Biological activity (estrogenic activity) is expressed in terms of logarithm of relative binding affinity to the ER vis-à-vis E 2 (Log RBA). The E-States of different atoms were calculated by means of a JAVA2 based program ETSA-CS, 28) which was standardized using established sets of data. Statistical analysis was performed by Statistica version 5.0 29) using standard and forward stepwise multiple regression methods. Statistical parameters of the regression equation considered are: r or R (correlation coefficient), EV (explained variance), F (variance ratio) with df (degree of freedom), s (standard error of estimate) and AVRES (average of absolute values of residuals). LeaveOne-Out (LOO) cross-validation 30) was performed that generated PRESS (predictive residual sum of squares), SDEP (standard deviation of error of predictions), Pres av (average of absolute value of predicted residuals) and Q 2 (cross-validated variance). Significance of the regression coefficients was assessed by the 't' test. In case the intercept of an equation was statistically insignificant and omission of the same did not affect the quality of the equation, exclusion of the intercept was achieved to get statistically more acceptable equation. A compound was considered as outlier in the equation when the residual value exceeded twice the standard error of estimate.
CONCLUSION
In view of these observations, the present study could account for some of the structural requirements of triphenylacrylonitriles for ER binding affinity. The studies support that para electrophilic substitutions in the phenyl rings (A and C respectively) along with presence of para hydroxyl group in the phenyl ring B (attached to C 2 and C 1 of ethylenic moiety), which are capable of active hydrogen bonding with the receptor, are essential for activity. The studies also support the presence of less terminal atoms (less branched chains) should result in more active compounds. Vol. 28, No. 1 
